Penetrating neck injuries are uncommon in children and a post traumatic common carotid artery to internal jugular vein fistula rarely occurs. We present one case of a 4-year-old girl with a penetrating injury from flying glass fragments in the midportion of the neck, caused by an explosion in a military warehouse. She was referred to our facility upon a request of a hospital of a neighbour country, two days after sustaining a penetrating cervical trauma. The presentation, diagnostic procedures and surgical management of this very rare injury are discussed. No neck penetrating trauma should be underestimated and a selective surgical intervention based on clinical examination and investigation tests findings is associated with good long-term outcomes.
Introduction
Penetrating neck injuries are uncommon in children, and they constitute a significant management challenge. These injuries are responsible for 5% -10% of all trauma admissions [1] . Post-traumatic carotid damage accounts for only 3% of arterial injuries in civilian trauma centers [2] [3] and penetrating injuries to the jugular vein have accounted for greater than 15% of venous injuries reported from such centers [4] . Many kinds of materials such as knife, bullet, metallic rod, pencil, fragments of glass, wooden stick, can cause penetrating neck injury. A lot of vital structures like major blood vessels, cervical nerves routes, larynx, trachea, cranial nerves, spinal cord, and oesophagus are contained in this region, which is not always easy to assess by surgical exploration [5] . The first documented case of cervical vascular injury treatment, is attributed to the French surgeon Ambrose Pare (1510-1590) who ligated the carotid artery and jugular vein of a soldier with a bayonet wound and till the first half of the 20 th century these traumatic lesions were almost exclusively managed by military surgeons [6] [7] .
In an effort to standardize reporting, Roon and Christensen divided this region into three cervical anatomic zones, upper zone (zone III), middle zone (zone II), and lower zone (zone I) [8] . Zone I includes the area between the sternal notch and clavicles to the cricoid cartilage, zone II extends from the cricoid cartilage to the angle of the mandible, and zone III up to the base of the skull. Due to its dimensions, zone II is the most exposed and vulnerable to injuries. Nearly 50% -80% of traumas involve this zone [9] .
We describe a case of a 4-year-old girl with a penetrating neck injury from flying glass fragments caused by an explosion in a military warehouse in a neighbour country.
Case Report
A 4-year-old female child was referred to our facility upon a request of a hospital of a neighbour country, two days after sustaining a penetrating cervical trauma.
The cervical trauma was referred to occur from flying glass fragments caused by an explosion in a military warehouse. At admission, the girl's general physical condition was normal. She was alert responsive and oriented, with no neurological deficit, haemodynamically stable, with no history of excessive bleeding. On the left lateral aspect of the anterior neck, in zone II, she had a 4 cm length wound which was closed with silk 3.0 sutures in the cutaneous and sub-cutaneous tissue. A slight pulsatile swelling was noted underneath the sutured trauma, which was augmented in dimensions the last two days. The cervical region was warm and tender, with a continuous thrill and a machinery-like bruit. The Branham's sign was positive. There was no intra-oral bleeding, and the carotid pulse was faint. The left radial pulse was normal. The child claimed no symptoms related to the aerodigestive tract.
The young child was initially evaluated with a color flow ultrasonography Doppler imaging which revealed a left neck haematoma, a pseudo aneurysm of the left common carotid artery (LCCA), and a continuous flow from the LCCA to the left internal jugular vein (LIJV) which was indicative for the presence of a carotid-jugular fistula. Subsequently a magnetic resonance angiography confirmed the diagnosis and allowed the precise evaluation of the post-traumatic fistula between the LCCA and the LIJV. The trachea was slighted deviated to the right due to the cervical haematoma (Figure 1) .
The patient was taken to the operative room. A longitudinal neck incision was made along the anterior border of the sternocleidomastoid muscle. The internal jugular vein, the left common carotid artery, as well as the internal and external carotid arteries were exposed. The control of these vessels was achieved by vascular clamps. The fibrotic mass, which was composed of the pseudoaneurism between the LCCA and LIGV, and the fistoulous tract, was resected. The two openings of the fistula in the LCCA and LIGV where closed with 6.0 polypropylene sutures. The defect in the anterior wall of the common carotid artery from the stab wound was treated with a debridement of the frayed intima, and a bovine pericardium (Vascu-Guard) patch angioplasty was performed using the same 6.0 polypropylene suture (Figure 2) . The wound was closed in layers, and a drainage tube was left in place. The duration of cross-clamping of the LCCA was 35 minutes.
The postoperative period was uneventful and the child had no hemodynamic or neurological complications. She was discharged 10 days after the operation with instructions for antiplatelet treatment, along with follow up appointment in three months.
During the follow up a color flow ultrasonography Doppler imaging of the left carotid artery revealed a pseudoaneurysm with a diameter of 8 mm on the lateral side of the patch and a magnetic resonance angiography verified the findings (Figure 3) . The child was once again taken to the operative room. Through the same neck incision the LCCA was exposed and two vascular clamps were placed close to the borders of the patch. A segmental resection of the LCCA including the patch was performed with an interposition of a saphenous vein graft with end to end anastomosis (Figure 4) . The wound was closed in layers, and a drainage tube was left in place. The duration of cross-clamping of the LCCA was 25 minutes.
Postoperatively the child had no neurological complications and was discharged five days after the operation with the same instructions as in the first time. The magnetic resonance angiography findings three months later showed no evidence of fistula recurrence and a slight dilatation of the venous graft ( Figure 5) . Due to the patient's young age, a Color flow Doppler imaging every six months is scheduled. 
Discussion
Neck injuries that extend beyond the platysma are considered penetrating and are very rare in the paediatric population [10] [11] .
All patients with hard signs of cervical trauma, such as exsanguinating (external or intraoral) bleeding, shock not responsive to fluid resuscitation, expanding hematoma, massive subcutaneous emphysema, or airway obstruction, are admitted directly to the operating room for emergent exploration regardless of the zone of injury.
Careful and detailed physical examination is of great importance in evaluating children with penetrating cervical injuries [12] . If the child is stable but symptomatic, investigation tests should be considered in order to evaluate the damages caused to the vital structures that are densely concentrated in the neck region. The presence of pseudoaneurysm, carotid-jugular fistula, or vascular occlusion, consist potential positive results that need surgical repair.
Color flow Doppler imaging has a high overall sensitivity and specificity (>90%) in detecting vascular injuries, and its major advantages are the speed and ease of diagnosis when the exam is performed by an experienced radiologist [13] .
Magnetic resonance angiography is a non-invasive, convenient and time-saving technique that can provide more detailed information about the vascular injuries, the extension of the pseudoaneyrism, and the structure of the fistula [14] [15] .
Penetrating neck trauma that involves the carotid arteries can lead to two important and challenging sequelae:
pseudoaneurism and arteriovenous fistula [16] . In this case LCCA and the adjacent LIGV were simultaneously lacerated by a flying glass fragment. When the vascular's wall (intima or adventitia) is damaged, a periarterial hematoma is created and subsequently becomes encapsulated by the in growth of fibrotic tissue. Arterial blood flow leads to gradual expansion and formation of the aneurismal sac [17] . Posttraumatic arteriovenous fistula in the cervical region accounts for less than 4% of the complications consequent to arterial trauma in these zones [18] . A single opening is always the rule for posttraumatic fistulas, whereas congenital ones usually have multiple arteriovenous communications [19] . Injuries within zone II should generally be approached via a vertical incision paralleling the sternocleidomastoid muscle, or alternatively via an incision along Langer's lines in a natural skin crease. The site of external injury may not always correlate with the damaged internal structures [20] .
Vascular repair should always be attempted in patients with no neurological deficits. Arteriorrhaphy should be attempted if the vascular wall damage is minimal; otherwise resection of the damaged vascular segment with primary end-to-end anastomosis or replacement with an interpositional graft is the treatment of choice. Despite advances in endovascular therapy there is little experience regarding young aged patients [21] .
If left untreated, posttraumatic carotid artery pseudoaneurism, or arteriovenous fistula, may cause rupture complications, or thromboembolism, cerebral ischemia, and congestive heart failure [16] . The development of heart failure depends on two factors: the proximity of the fistula to the heart and the degree of left-to-right shunting, which is determined by the diameter of the fistula. If the fistula's diameter permits large blood volumes to be shunted directly in the venous circulation, a drop in the diastolic pressure is observed.
Postoperative follow up is necessary with detailed physical examination with an emphasis on neurologic assessment, and investigation tests, such as color flow Doppler imaging and magnetic resonance angiography.
Conclusion
Penetrating cervical injuries are very rare in the pediatric population and they show various degree of severity, depending on the damage of the vital structures contained in this area. Prompt diagnosis is necessary to prevent catastrophic complications. The selective surgical treatment of stable patients based on clinical examination and investigation tests can be a safe and effective management policy.
